Over the past few years, we have seen an increase in the number of papers submitted to Turbo Expo by China. In 2013, for example, there was a 101% increase in the papers presented from China relative to 2009. Also, Chinese groups are active participants in the Asian Congress on Gas Turbines which was last held in Shanghai in August, 2012 and will be held in Seoul in August 2014. Numerous other conferences and forums have taken place in China in the past few years on gas turbine research and development, including the recent Gas Turbine World China Summit, which was held in Shanghai in October 2013 and the planned China Gas Turbine Focus 2014, which will take place the week following Turbo Expo also in Shanghai.
Shanghai Jiao Tong University is one such university that was quick to set up a center of excellence in gas turbine technology responding to the opportunities to further develop their research in gas turbines. One of the kick-off activities in setting up the center was to hold an inaugural 2014 International Symposium on Gas Turbine Technology. The Symposium involved two academic partners including Penn State and the University of Stuttgart. Also attending were the three large power generation companies including Dongfang Electric, Harbin Electric, and Shanghai Electric. Pictured below are the speaker representatives at the Symposium. Over 80 academics and industry participants attended the two-day Symposium held in the School of Mechanical Engineering at Shanghai Jiao Tong University. These companies clearly indicated a desire and intent to develop their own gas turbines through collaborations with the universities.
With the strong financial support and increasingly large number of talented engineers being educated in China, we can expect that there will soon be new Chinese companies entering the gas turbine market. v
Several significant events for both the industrial and aviation gas turbine industry occurred as the dark clouds of WWII gathered.
The first utility gas turbine to generate electricity was developed by Brown Boveri and installed in the town of Neuchâtel, Switzerland 75 years ago. On July 7th, 1939 , it was full power tested at 4 MW in Baden, Switzerland. Key to this engineering breakthrough was the successful demonstration of an efficient axial compressor developed by Claude Seippel of BBC. Turbo-compressors were the early forerunners of several applications, specifically the Houdry process in refineries. Some years later, development of the axial compressor brought success to the aviation gas turbines that crowd the skies today.
Interestingly, the first gas turbine flight also took place in 1939. On August 27th, a Heinkel He 178 aircraft, powered by a Turbojet using Hans von Ohain's radial compressor design, made its maiden flight from Rostock-Marienehe, Germany. Whittle's turbojet design had been turned down in 1930. Three years later, Hans von Ohain, a German engineering student with no knowledge of Whittle's work, wrote a paper proposing a strikingly similar jet engine. The first British jet plane, the Gloster, took off in 1941. The German Messerschmitt MW-262 "Deadly Swallow" was the first jet fighter aircraft, claiming 542 Allied kills in WW II.
In terms of energy conversion, the gas turbine is relatively new from a historic perspective, being only 75 years young this year. However, the potential of the gas turbine was presented in a technical paper in February, 1939, by Dr. Adolf Meyer, former Director of BBC Brown Boveri, at a meeting of the Institution of Mechanical Engineers in London. It was titled, "The Combustion Gas Turbine: Its History, Development and Prospects." Dr. Meyer concluded that the subject of combustion turbines "…is a promising one, full of interesting possibilities." The author believed these prospects were based on raising the turbine inlet temperature in the near future to 648°C (1,200°F) from 538°C (1,000°F), raising the cycle efficiency (of the Neuchatel machine) from 18% to 23%, representing an improvement of 28%. This possibility was not only realized through further combustion turbine development but exceeded, viz. increasing turbine inlet temperature of 1,010°C --1,121°C (1,850°F -2,050°F) and, in modern utility sized units, with 1,260°C (2,300°F) to 1,500°C ( 2,732°F) firing temp and beyond. In his prescient conclusion, Dr. Meyer foresaw further cycle ...Continued from p. 49
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"It is appropriate that ASME Turbo Expo 2014 is held in Europe, specifically Düsseldorf, Germany. Whether by coincidence or not, it is a great occasion for the gas turbine industry to reflect on its humble beginnings 75 years ago."
Born in Europe, the Gas Turbine
Launched a Global Industry 75 Years Ago
Septimus van der Linden, President BRULIN Associates LLC developments and improvements for the gas turbine as a motive power source for steam driven locomotives and ships, as well as alternatives for wind tunnel drives, blast furnace plants and, finally, a challenge to conventional steam power plants. There, the combustion turbine would be utilized with the recovery of exhaust heat to produce steam for the steam turbine in a combined gas turbine steam plant that would be more economical due to higher efficiencies and lower cost per kilowatt installed. The modern Combined Cycle Plant achieves better than 60 % efficiency and possibilities of 65 % are foreseen as cycle improvements will improve incrementally. Airframe and engine designers strive to achieve "clean" inlet flow conditions for jet engines.
In their frontal engine location, fans and compressors work best with a uniform flow, free of significant total pressure losses. The famous S-shaped inlet duct for the middle engine of Boeing's tri-jet 727 required a lot of engineering attention to minimize inlet distortion for happy engine operation.
However, airline fuel costs have become such a major driving factor, the need for clean inlet flow conditions is being re-evaluated. Using a concept called "boundary layer ingestion" (BLI), airliner designs featuring close-coupled, rear-mounted turbofans are being considered, with a fuselage sculpted to sweep a large part of the fuselage boundary layer into engine inlets for reduced fuel consumption. (Recall that Ludwig Prandtl's boundary layer consists of viscously retarded fluid flow near and in contact with a solid surface, that is a source of aircraft frictional drag.)
With an engine array fuselage-centered, rather than splayed out on wings, reduced rudder control is needed in the event of a single engine outage. This reduces the size of a BLI tail assembly, saving weight and reducing drag.
Just how could the ingestion of the slackened and distorted flow of a boundary layer reduce engine fuel consumption? Given a flight speed of u 0 , the average air velocity entering a BLI engine would be u 1 < u 0 where the magnitude of u 1 would depend on the extent of the ingested boundary layer. Following a simplified model by Plas [1] , consider an idealized one-dimensional flow entering a BLI jet engine at u 1 , and leaving the engine nozzle at u 2 . The thrust force, T, created by the engine is:
given by the momentum equation in the axial direction for the engine as the control volume. The mass flow of air through the engine is ṁ and we have neglected the small effect of fuel flow.
The mechanical power, P, produced by the engine flow is equal to the rate of change of its kinetic energy, given by:
If we assume the BLI engine will have a the same mass flow, ṁ, and a thrust force, T, as the conventional engine, ∆u in (2) will be a constant. A decrease in the average velocity u 1 entering the engine will thus result in a decrease in power P -and consequently the promise of reduced engine fuel consumption.
In a paper on wake ingestion, Smith [2] points out it has been long known in the field of marine propulsion, that ingestion of craft wakes (surface ships, torpedoes or submarines) in a propeller can reduce the propulsive power needed. He points out that Albert Betz [3] (a student of Prandtl) explains that with wake ingestion the power expended can actually be less than the product of the forward speed and craft drag.
Recently, an Aviation Week and Space Technology article [4] 
ASME IGTI Awards & Keynote
The program opens with ASME IGTI's annual awards program to honor individuals who have made significant contributions to advance turbine technology and industry. Following the awards program, prominent experts from the turbomachinery industry will address the important keynote theme: Technology Reduces Life Cycle Cost.
The life cycle cost of gas turbines, whether for use on land, at sea or in the air, has a direct impact on the profitability of the power plant's operation. The life cycle cost is the sum of all of the recurring costs, such as maintenance, and one-time costs including the cost of acquisition, over the full life span of a gas turbine. Neither category can be ignored in today's economic climate. In aviation, for example, the maintenance costs are typically twice the acquisition cost. Furthermore, with the introduction of total care agreements in all of their forms, such as fly-by-the-hour, original equipment manufacturers now directly experience the impact of items such as in-service maintenance costs. In the keynote session, three leaders of aviation and land based gas turbine OEMs will examine the changes that are occurring in the industry as well as discuss current development needs and the conflicts that can arise in meeting the goal of life cycle cost reduction. v Now in its 59th year, ASME Turbo Expo is recognized as the must attend event for turbomachinery professionals.
Exposition and Sponsorship Opportunities
ASME Turbo Expo delegates represent an impressive array of segments from throughout the turbomachinery community with major influence on developing trends and products. This is your chance to attract new clients, visit with current ones, learn more about the changing needs of the international turbomachinery industry -and ultimately, increase your sales. Exposition space is available. Contact us today to secure your location on the show floor.
ASME Turbo Expo 2014 Sponsorship Opportunities
Platinum €20,000 Gold €15,000 Silver €10,000 Bronze €5,000
Other sponsorship opportunities are available to meet your budget. Featuring a variety of sponsorship opportunities designed to maximize your company's visibility, the ASME Turbo Expo sponsorship program provides even more ways to stand out from the crowd and make the most of your budget. Plan now to join over 2,500 turbomachinery colleagues from around the world at ASME Turbo Expo, ASME's premier turbine technical conference and exposition, set for June 16-20, 2014, in Düsseldorf, at the CCD Congress Center Düsseldorf v Originally designated in 1988, the Gas Turbine was still in operation. It remained in service until 2002 when it was retired. In 2005, ALSTOM, a successor company to Brown Boveri-the original manufacturer-decided to preserve and restore the landmark. ALSTOM acquired the landmark from the owner, Service Industriels de la Ville de Neuchâtel, relocated it to its factory in Birr, Switzerland, restored it and put in on public display in a building especially built to house and preserve the landmark. Re-dedicated 2007
Pre-Conference Workshops 
NEW! Primer on Gas Turbine Power Augmentation Saturday, June 14, 2014
A comprehensive overview covering analytical, experimental, and practical aspects of the available gas turbine power augmentation technologies including a systematic approach of selecting a suitable power augmentation technology for a given application is provided. Importance of CFD analysis in case of specific technology is included. Case studies of actual implementation of discussed power augmentation technologies and lessons learned from these applications are included in the course. A significance of techno-economic evaluation and weather data analysis while selecting a suitable augmentation technology is discussed using a practical case. Gas turbine manufacturer's activities related to power augmentation technology are discussed. This workshop will address Wind Turbine Blade Design: Practices, Challenges and Future Developments; Wind Turbine Blade Certification: Walk-through of the IEC 61400 certification process; and Wind Turbine Blade Design and Simulation: Overview of blade design tools and introduction to aeroelastic load simulations and design loads for wind turbine certification. After completing the course, the participants should gain insight and improved knowledge about theoretical approaches employed in aerodynamic design of wind turbine blades;
A SUPPLEMENT TO MECHANICAL ENGINEERING MAGAZINE

Student News
ASME IGTI, Atlanta, GA
The Student Advisory Committee (SAC) is gearing up for ASME Turbo Expo 2014 in Düsseldorf, Germany. Last year, the SAC had the task of planning, organizing, and promoting the first ever student committee to operate in conjunction with ASME Turbo Expo. The SAC's hard work from late 2012 through the summer of 2013 paid off at ASME Turbo Expo 2013 in terms of numbers, exposure, and feedback. The 2013 Student Mixer achieved an all-time record attendance, the committee welcomed over 40 student members, and a successful tutorial was held at the inaugural committee meeting. This year the SAC has the task of planning their first international meeting. With the bar having been set high last year in San Antonio, the SAC is focused on creating an even better experience for the students in 2014. Many challenges await the SAC before ASME Turbo Expo 2014, but students and onlookers can be assured that the leaders of the committee are dedicated and eager to produce the most rewarding meeting possible.
The Student Advisory Committee consists of Jacob Snyder (Vice Chair), John McClintic (Secretary), who were both elected at the student committee meeting in San Antonio. Reid Berdanier (Chair) and Amy Mensch (Past Chair), who are two board members from last year, have the advantage of experiencing the process of organizing the student activities at ASME Turbo Expo 2013 in San Antonio. Together, the officers manage the committee, plan the student events, and represent the students before the ASME IGTI Board. The SAC encourages students to participate in the ASME IGTI Student Advisory Committee and will be advertising more details about ASME Turbo Expo 2014 soon. ASME Turbo Expo hosts well over 300 graduate and undergraduate students who present research findings, attend tutorials, visit the exhibition, and network with professionals. ...Continued on next page ASME International Gas Turbine Institute is announcing the first ever Student Poster Session to take place at ASME Turbo Expo 2014. Undergraduate and graduate/PhD students are invited to participate by submiting a poster for display during Turbo Expo. €500 checks will be awarded to the best poster in the undergraduate student and graduate/PhD student categories. All posters have been reviewed and approved through an abstract submission process.
This poster session is intended to give students opportunities to present work outside of the paper sessions. Therefore, the poster content cannot be work that is in a paper. The abstract deadline for the poster session was March 1st, 2014. For questions regarding the Student Poster Session, contact the Student Advisory Committee (sac.igti@gmail.com).
*Posters are not part of the official conference proceedings.
Student Mixer
June 18, 2014 • 6:45 -8:00 p.m. A special and very popular event for rising engineers! Enjoy complimentary refreshments and network with fellow engineers, including a variety of turbomachinery industry personnel, as well as members of ASME IGTI's Committees.
The 2014 Pre-Conference Workshops will take place from June 14-15 at the CCD Congress Center Düsseldorf. ASME TURBO EXPO 2014 Pre-Conference Workshops Modern innovative designs with higher loads and more compact configurations increasingly call for a concurrent design procedure to take into account interactions among multi-components and multi-disciplines at the same time. Innovative optimization methods are now rapidly moving from research labs to industrial real and virtual platforms and intend to provide novel and innovative design solutions in a reduced time to market. This workshop intends to provide the basic concepts and tools behind this technology. After completing the course the participants should have a global understanding of different optimization techniques; understand the adjoint method and differential evolution techniques through industrial relevant applications; understand the technical and non-technical barriers to a routine use of optimization techniques and appreciate why these techniques are important; and identify pitfalls and have notions on how to efficiently parameterize various turbomachinery components through many examples. This interactive course provides review and reinforcement of relevant thermodynamic and aerodynamic concepts as applied to gas turbine engines, and introduces performance calculation methods of both aircraft engine and power generation gas turbines. The course emphasizes fundamentals which will be helpful for the practicing engineer but is not designed to review industrial practices which are usually proprietary. The acquired knowledge and problem solving opportunity will enhance the participants' ability to excel in various assignments in gas turbine design, development, and application. Participants will work out typical problems in the class during recitation sessions facilitated by the instructor. The course material has been evaluated by the Department of Mechanical and Aerospace Engineering of North Carolina State University. After completing the course the participants should be able to apply aerothermodynamic concepts to the analysis of gas turbine engines; analyze turbomachinery velocity diagrams and relate those to thermodynamic parameters; appreciate the usefulness of the degree of reaction and the radial equilibrium equation; comprehend the discipline of operability and combustor characteristics; analyze cycle analysis problems in class on integrating the component performances to get the overall engine performance. Problems include both aircraft engine and shaft power cycles. With this approach the participants will be able to comprehend: the method of sizing the critical flow path areas at the design point; method of satisfying conservation laws to achieve cycle balance at off-design; technique of the multivariable solver used in cycle models; making models match test data; and the analysis of various engine cycles in the power generation field including hybrid cycles. Special Notation: Participants are required to bring a scientific calculator/ laptop to the class. This course is targeted to engineers who have a vested interest in understanding the range of technologies available for temperature measurements in turbomachinery leading to analytical model verification and the relative costs and benefits. Discussions will include temperature measurement in the harsh turbine engine environment with a specific focus on the advantages and challenges of practical applications of a successful but relatively new technology -crystal temperature sensors. Objectives include a general overview of available technologies for metal temperature measurement in real engine conditions, practical considerations for the selection of particular methods, understanding of crystal temperature sensor technology and its applications, shared learning -real life benefits and challenges -based on 10 years of field experience with crystal temperature sensor applications, gap matrix for temperature measurement in turbomachinery based on current needs and coming developments, and potential development directions for crystal temperature sensor technology to meet future challenges. Gas turbines rely on various coatings to improve the functionality and durability of components. In fact many modern gas turbines could not safely operate without the application of specialized coatings. Coating materials, deposition processes, characterization and serviceability will be discussed. Several cases studies will be presented to show the design and analysis in action. This workshop will familiarize people from all aspects of the academic, manufacturing and after market segments of the gas turbine business on an introductory level. The objective of this training workshop is to improve the student's understanding of problems in class on integrating the component performances to get the overall engine performance. Problems include the starting & operation of gas turbines and the lifetime effects on maintenance & parts replacement.
Earn 7 Professional Development Hours (PDH's) and receive a certificate of completion! Instructor: Ron Natole, Natole Turbine Enterprises (NTE)
As the Turbine Turns...
...Continued from p. 54
Late last year, tests were carried out at the NASA 14' x 22' wind tunnel at Langley Research Center, VA. by the BLI team (the first three of the above organizations). Their D8 configuration test model shown in Fig. 1 , was designed by Prof. Mark Drela. It departs from the traditional cylindrical tube and wing shape, to provide more fuselage lift with a roughly elliptical cross section. (Current literature frequently refers to it as a "double bubble" shape. As an early bubble experimentalist, I would comment its cross section is similar to a single non-spherical large bubble rising in a liquid, flattened on the bottom and with more curvature on the top.)
The D8 design is aimed at the huge single-aisle, narrow body market, now dominated by the Boeing 737 and Airbus 320 families. Both Boeing and Airbus are projecting [5] this as a two trillion dollar (US) market for the next 20 years, accounting for more than 23,000 airplane deliveries. (Because of its greater fuselage width, the D8 design with twin aisles would modify the market designation.)
The project's principal investigator is MIT's Prof. Edward Greitzer who is also a past chair of the IGTI Board of Directors. Two goals of the test are to validate the BLI benefit and characterize the flow into aft-mounted propulsors. Both BLI and conventionally podded propulsors were tested, using electrically driven fans. The BLI aerodynamic benefit is determined by comparing the mechanical power produced by the fans in each configuration at cruise conditions, defined as zero net force on the model as determined by the wind tunnel force balance. Preliminary data shows promising power savings of 5 to 8 percent for the aerodynamic effects of the D8 integrated configuration [4] , with an estimated 18 percent gain including aircraft systems benefits [6] .
A near-future goal of the BLI studies is to determine if modern engine frontmounted fans can be designed to operate efficiently and stably under BLI inlet conditions. Stay tuned -I'm sure there will be more to come on the promise of BLI.
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